Abstract HIV testing during pregnancy facilitates timely antiretroviral treatment for HIV-positive women. This study identifies reasons for late HIV testing among pregnant women delivering at a hospital in Ho Chi Minh City. We conducted a case-control study in which 160 cases were women who were tested for HIV late (i.e., at labor and delivery) and 160 controls were women who were tested during antenatal care (ANC). In multivariable logistic regression analysis, six variables were associated with late HIV testing: age less than 30 years, nine or fewer years of education, working as a homemaker or worker/farmer, living 20 km or more from the hospital, having received ANC at a private clinic/hospital only, and not believing that HIV testing is important during pregnancy. We recommend that national programs should provide additional effort for HIV testing during pregnancy to young women, less educated women, homemakers, and those receiving ANC at private clinics and hospitals.
Introduction
In Vietnam, there are approximately 1.5 million pregnant women annually, among whom the prevalence of HIV infection was estimated to be 0.3% in 2014 [1] [2] [3] . HIV sentinel surveillance between 2010 and 2013 showed that the prevalence of HIV among pregnant women in Vietnam was stable, from 0.23 to 0.26%, while there was a downward trend in Ho Chi Minh City (HCMC), from 0.63 to 0.13% [4] . According to the Vietnam National Guidelines on the Diagnosis and Treatment of HIV/AIDS at the time of this study, pregnant women should have an HIV test during antenatal care (ANC) at community health centers or hospitals so that those who test positive for HIV can receive timely antiretroviral (ARV) prophylaxis or antiretroviral treatment (ART) [5] . Most women in Vietnam receive ANC, as the national coverage of ANC was 85.1% in 2015 while the respective figure in HCMC was 90.5% [6] . Free ARVs are available for HIV-positive pregnant women at government health centers in order to prevent mother-to-child transmission of HIV and for their own health. Late HIV testing, defined as HIV testing at the time of admittance to hospital for delivery, will delay ARV uptake and greatly reduce the effectiveness of ARV regimens for the prevention of mother-to-child transmission (PMTCT).
Although the vertical HIV transmission rate has decreased in recent years (from 8% in 2011 to 4.5% in 2012 in southern Vietnam, and from 3% in early 2012 to 1.2% in late 2012 in HCMC [7] ), the proportion of pregnant women in southern Vietnam receiving late testing for HIV is still unacceptably high at 31% [8] . The proportion of pregnant women who received late HIV testing, as documented from the national routine report in 2014, was 41% in Vietnam, 38% in southern Vietnam, and 22% in HCMC [9] . HCMC has the highest proportion of pregnant women who were tested for HIV during ANC (78%) compared to other provinces in southern Vietnam (An Giang 76%, Ba Ria-Vung Tau 73%, Can Tho 67%, and Dong Nai 67%) [9] . Because there were still so many women who received late testing, the national objective of having no child born with HIV by 2015 [10] was not achieved. Fifty-eight infants were born with HIV in Vietnam in 2015, and 32 (55%) were born in southern Vietnam [11] .
Several studies in Vietnam, Botswana, Uganda, and Rwanda have identified some factors associated with late HIV testing, such as distance from the hospital [12] [13] [14] , low education level, employment as a farmer or worker, low income [12] , lower economic status [14] , little or no knowledge about HIV or PMTCT [15] , poverty, fear of discrimination due to positive HIV status, and family violence [16, 17] . Furthermore, women who receive antenatal care at private clinics may be less likely to receive an HIV test during pregnancy compared to women who receive antenatal care at public clinics and hospitals, because the PMTCT program and HIV testing are mostly implemented in public health care facilities [18] .
In 2012, at Hung Vuong Hospital, a large obstetric hospital in HCMC approximately 20% of pregnant women admitted to the hospital for labor and delivery did not provide documentation of HIV testing [19] . Given the widespread availability of HIV testing for pregnant women at public clinics and hospitals, it has been unclear why so many women had not had an HIV test before coming for delivery. This study aims to identify the reasons for late HIV testing among a population of pregnant women coming to a public hospital in HCMC.
Methods

Study Design
This is a hospital-based, case-control study at Hung Vuong Hospital, one of the two main obstetric hospitals in southern Vietnam and located in HCMC. The hospital manages approximately 3500 deliveries per month, of which 25 are among HIV-positive pregnant women. These women account for nearly 31% of HIV-positive pregnant women in southern Vietnam, where the HIV prevalence among pregnant women was 0.17% in 2012 [8] . Most women delivering at Hung Vuong Hospital come from HCMC; a smaller proportion come from southern provinces surrounding the city. Since Hung Vuong Hospital is a tertiary obstetrical service site, many difficult cases are referrals for ANC and labor and delivery from district and provincial hospitals, including HIV-infected pregnant women coming for PMTCT treatment.
Subjects and Sampling
Study subjects were women admitted to Hung Vuong Hospital for delivery of their babies from May 9 through June 30, 2014; were aged 18 years or older; spoke Vietnamese; and provided informed consent for study participation. All pregnant women who were admitted to the hospital for delivery went through the routine admission procedures, including standard blood tests if necessary. HIV screening test and counseling were conducted if testing had not been done during the current pregnancy or if the woman's HIV status was unknown as per Vietnam Ministry of Health guidelines.
Cases were defined as receiving late HIV testing (testing at the time of labor and delivery). Controls were defined as receiving HIV testing during ANC and prior to coming to the hospital for labor and delivery. As part of routine hospital procedures, all women were asked to provide documentation of HIV test results from ANC. Women who reported that they had not been tested for HIV during ANC, or who did not know or remember if they had been tested, were considered cases and received HIV testing in the hospital at the time of labor and delivery.
Controls were pregnant women who were the next admission following each recruited case and who produced documentation of HIV testing during the current pregnancy prior to admittance to hospital for delivery. Women who said that they had been tested but who could not produce the documentation were excluded from the study because there was insufficient evidence of whether they had been tested for HIV; they were then tested for HIV in the hospital per routine procedures. Women who remembered being tested for HIV during ANC but did not bring documentation could send a family member to retrieve the documentation.
Women who met any of the following criteria were also excluded from the study: unable to provide informed consent (pregnancy complications, woman extremely sick in intensive care unit, mental illness); unable to understand and/or to be interviewed in Vietnamese; and reported having had an HIV-positive test during a previous pregnancy but currently not on ART or in the PMTCT program. This latter exclusion criterion was added as most HIV-positive pregnant women are put on ART or included in the PMTCT program, so nonparticipation could indicate that they declined to be enrolled in the programs due to personal issues.
Although study eligibility and case/control status were determined before the woman delivered, eligible women were only approached about study participation after they had delivered their babies. Each woman who was eligible was approached in the post-delivery room by a trained nurse who first asked if she would be interested in participating in a brief survey. If the woman agreed, the nurse would then describe the study, procedures, risks and benefits using the informed consent form. All women who gave informed consent immediately participated in a onetime interviewer-administered questionnaire that took approximately 30 minutes.
With regard to sample size, we used StatCalc, the Epi Info sample size calculation tool from http://wwwn.cdc. gov/epiinfo/7/index.htm. The sample size estimation for the main predictor ranged between 135 and 145 for each group with the assumption of statistical analysis power = 80%, alpha = 0.05, unmatched case-control ratio = 1, percent of controls exposed (high-level PMTCT knowledge) = 45%, and OR = 2. Assuming that 10% of participants would not agree to participate in the study, we added 10% to the calculated sample size. The final sample size ranged between 149 and 160 in each group. Thus, the total sample size of 320 (160 cases and 160 controls) was used.
Measurements
The covariates used in the model included the following socio-demographic characteristics: age, educational level, ethnicity, place of residence, occupation, socio-economic status (monthly income; ownership of a house, a car, motorbike, and other valuable property), marital status, estimated distance from the respondent's residence to the hospital, and perceptions about personal HIV status. We defined high-level HIV knowledge as correctly answering five questions: (1) persons can reduce their risk by using condoms every time they have sexual intercourse; (2) persons can reduce their risk by having sex with just one partner who is not infected and who has no other partners; (3) a healthy-looking person can be HIV-positive, (4) HIV cannot be transmitted by mosquito bites, and (5) HIV cannot be transmitted by sharing food with someone with AIDS. We defined high-level knowledge about PMTCT as correctly answering three questions indicating awareness that HIV can be transmitted from (1) an infected pregnant woman to her unborn child or (2) an infected mother to her child by breastfeeding, and that (3) the risk of mother-tochild transmission of HIV can be reduced by the mother taking special drugs during pregnancy.
Other variables were measured as follows. Low perception that HIV testing is important during pregnancy was measured by asking the question, ''Do you think that it is important to take an HIV test during pregnancy?'' Perception of infection risk was measured by asking the question, ''Do you think you have a risk of being infected with HIV?'' Disclosure of HIV status was measured by asking, ''Have you ever told anyone about your HIV status?'' Frequent verbal spousal abuse was measured by asking the question, ''During this pregnancy, has your spouse ever verbally abused you?'' Physical abuse during the last year was measured by asking the question, ''Has your spouse ever acted with physical violence toward you?''
Statistical Analysis
Data were entered twice in order to ensure accurate data entry, using the Epidata software (version 3.1-http:// www.epidata.dk/links.htm). STATA software (version 13, StataCorp LP) was used for data cleaning and analysis. Baseline characteristics of cases and controls were summarized using frequencies and percentages for nominal and categorical variables. Chi square tests were used to compare these characteristics between the two groups, except where Fisher's exact tests were appropriate. Bivariate logistic regression analyses were used to examine potential associations between each variable and our outcome casecontrol status. Variables with levels of significance p B 0.20 in bivariate analysis, or p [ 0.20 but statistically significant in the literature, were included in a multivariable logistic regression model.
Ethical Considerations
The protocol was reviewed and approved by the Science and Ethics Committee of the lead author's home institution and by the U.S. Centers for Disease Control and Prevention. All women who participated in the study provided informed consent. Regardless of study participation, all women delivering at Hung Vuong Hospital received counseling for health care and nutrition from health workers. In addition, study participants received a one-time payment of 100,000 VND (*5 USD) for their participation in the study, an amount typically given to research participants in Vietnam. Women who tested positive for HIV were referred to the hospital's PMTCT program to receive appropriate care and treatment as per the national guidelines. documentation who were eligible to be considered cases, 160 agreed to participate in the study. To recruit 160 controls, the study staff approached the first woman who was admitted after each recruited case and had received an antenatal HIV test. Of the 320 study participants, the mean (SD) age of women in the study was 28 (5.9) years (range 18-43). For purposes of analysis, women were categorized into age groups based on quartiles; the middle two quartiles were similar so they were combined. The resulting three age groups were: 18-22, 23-30, and 31 years and older. Almost half of participants had more than 9 years of education (45%), and most participants were Kinh ethnicity (93%) and were residents of HCMC (68%). There were only two HIV-infected women who participated in the study; both were cases. Their infants were followed for two months and found negative for HIV by PCR. Five percent of participants reported having husbands who injected illicit drugs (5.6% among cases, 4.4% among controls, Fisher's exact test p-value = 0.8). No study participants reported ever using injection drugs.
In bivariate analysis, socio-demographic characteristics that were associated with receiving late HIV testing included: age 18-22 and 23-30 years; having an education level of nine or fewer years; working as homemakers, workers or farmers; having monthly income of less than four million VND; having the first marriage at the age of 19 or younger; being currently unmarried; being a resident of provinces outside of HCMC; and living 20 km or more from Hung Vuong Hospital (Table 1) . Obstetrical and ANC factors significantly associated with receiving late HIV testing (p \ 0.01) included: not having planned for the current pregnancy; having received ANC only at private clinics/hospitals; and not having received HIV counseling during ANC. None of the participants in the control group reported receiving no ANC; whereas 19.4% of cases had received no ANC (p \ 0.001). Among the knowledge and perception measures, the following were statistically associated with receiving late HIV testing (p \ 0.001): low general knowledge about HIV (defined as incorrectly answering any of the five questions according to the national indicator); insufficient knowledge of prevention of mother-to-child HIV transmission (PMTCT; defined as incorrectly answering any of the three questions according to the national indicator); and a lack of understanding that HIV testing is important during pregnancy.
In multivariable logistic regression analysis, the 18 variables significant at p \ 0.20 and one variable significant at p = 0.25 (physically abused during the last year) in bivariate analyses were entered into the multivariable model. Six independent predictors (p \ 0.05) of having late HIV testing included those belonging to age groups 22 and under, and 23-30 years compared to those 31 and above; having an education level of nine or fewer years; working as homemakers and workers/farmers; living 20 km or more from Hung Vuong Hospital; having received ANC at private clinics/hospitals only; and not believing that HIV testing is important during pregnancy (Table 2) .
Discussion
In this study, a number of factors were associated with late HIV testing after being admitted to the hospital for delivery. Women who had received late HIV testing tended to be younger, less educated, and more likely to have attended private clinics and to live farther away from Hung Vuong Hospital. These results are consistent with several studies in Vietnam that showed that living farther away from the hospital was associated with late testing [12] , no ANC HIV testing [13] , and refusing HIV testing [20] .
The observation that women who received ANC at public clinics/hospitals were more likely to have had an HIV test during the pregnancy than women who attended private clinics/hospitals may reflect the results of the national PMTCT program. This program was established in 2000 in Vietnam [21] and offers opt-out HIV testing to all pregnant women who receive ANC at public clinics and hospitals. In addition, ART prophylaxis for HIV-positive women and their babies is provided by the government at no cost. Most of the public health sector, including hospitals, integrated the PMTCT program into their health care activities [22] . Therefore, the public health sector provides more HIV counseling and testing for pregnant women than the private health sector, where PMTCT is not a compulsory activity.
Women in this study who had higher education levels (more than 9 years) or believed HIV testing to be important during pregnancy were more likely to have had an HIV test during pregnancy than women with lower levels of education or women who did not believe that HIV testing is important during pregnancy. Furthermore, women who worked in the academic or business sectors were more likely to have had an HIV test during pregnancy than women who were homemakers. These results are consistent with other studies of women in Vietnam, which reported that having less education, working as a farmer or worker, and having low income were associated with not being tested for HIV during pregnancy [12] . Higher socioeconomic status and having high PMTCT knowledge scores were associated with having had an HIV test [23] .
The results of this study also indicated that older women were more likely to have had an HIV test during pregnancy than younger ones. Women aged 23-30 were more than twice as likely, and those aged 31 and older were almost eight times as likely, to have had an HIV test during their pregnancy than women aged 18-22. However, these findings contradict several studies in Vietnam and Africa, which found that younger women were more likely to have had an HIV test than older women [14, 20] , or that there was no association between age and HIV test among recently delivering mothers [13] , or among pregnant women [24] [25] [26] . The lack of consistency of this study with other studies may be due to the studies being conducted at different times and in different settings, e.g., rural versus urban, Asia versus Africa, current versus past. This study was conducted in 2014, when the PMTCT program had been promoted for over 15 years in Vietnam. Furthermore, it was conducted in Hung Vuong Hospital, a large obstetric hospital in HCMC, where most of the patients come from urban areas. Age may also be correlated with education and socio-economic status. Therefore, older women may have had more ''cumulative exposure'' to PMTCT information, education communication, and HIV counseling from health care providers.
Although it was not a goal of our study, we found that of all 3744 pregnant women who were admitted to Hung Vuong Hospital during the study period in 2014, only 164 (4.4%) could not provide documentation of HIV testing during ANC. This is significantly lower than the 20% of pregnant women admitted to Hung Vuong Hospital in 2012 who had not been tested for HIV during ANC, and much lower than the 31% of pregnant women in southern Vietnam who received late testing for HIV in 2011 [8] . One reason for the decrease in the proportion of women receiving late HIV testing at delivery is the national objective of having no child born with HIV by 2015. As a result of this objective, clinics and hospitals such as Hung Vuong Hospital have implemented their own activities to encourage women to have an HIV test and to facilitate HIV testing during ANC.
This study has several limitations potentially related to sampling and bias. First, although our findings may be representative of women living in HCMC and its surrounding communities (which represent 88% of pregnant women in southern Vietnam), they are not representative of pregnant women throughout southern Vietnam. Additionally, there were some challenges in identifying cases and controls. According to the protocol, a woman had to have documentation of her HIV test results in order to be classified as a control. However, three women stated that they had had an HIV test, but that they had lost the documentation. These women had to be excluded from the study as there was no proof of their HIV testing status, although this number was likely too small to affect the total results. Furthermore, the variables of knowledge and perceptions were collected after all women in the study had delivered their babies and received HIV testing. Therefore, those measures may not accurately reflect the women's knowledge and perceptions at the time they became pregnant and received ANC, so they may not actually be predictors of the outcome of interest for this study. Finally, the questionnaire did not include questions about previous access to sexual and reproductive health services. The percentages of unplanned pregnancies among cases and controls were 38.8% (62/160) and 19.4% (31/160) (p \ 0.001), respectively, indicating that women were not likely receiving sufficient information about contraception. Even though contraceptives and family planning services are made available in Vietnam from the grass-roots level (commune health stations) to upper levels (district hospitals, provincial hospitals and gynecological and obstetric hospitals), women may not always take advantage of it. In recent years, HCMC has been trying to decrease vertical transmission of HIV from mother to child by increasing the number of pregnant women who are tested for HIV during ANC and providing PMTCT services for women who test positive. The results of this study provide information for improving the PMTCT program in Vietnam. In order to increase HIV testing among pregnant women, the National AIDS Program should work more closely with private clinics and hospitals to provide HIV testing during ANC, as well as to ensure referrals to care for any women who test positive for HIV. The PMTCT program in the southern provinces outside of HCMC should also be continually improved so that women in these areas are consistently tested for HIV during pregnancy. This is a current objective of the National AIDS Program. Furthermore, it is critical that Vietnamese women have access to sexual and reproductive health services so that they have more control over their reproductive lives and can achieve their desired fertility. This will also yield major public health benefits by lowering maternal and infant morbidity and mortality [27] . Since a certain percentage of the study population's husbands/partners were reported to be injection drug users, there is a need for harm reduction programs in Vietnam to include sexual reproductive health education, condoms and sex partner education. On provision of counseling for pregnant women, counselors should also explore the drug use status of their partners to make possible referrals to voluntary counseling and testing or methadone maintenance therapy programs.
Finally, educational information about PMTCT and HIV should be emphasized in the community through the mass media, physicians and counselors, in order to reach young women who have little education or who work as homemakers.
